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rod- and plate-like morphologies with homogeneous dispersion in
GdBCO. In addition, growth directions of these precipitates were
found with wide angular distributions from growth direction of
GdBCO. Anisotropy of Jc in the magnetic ﬁelds was probably
enhanced by various growth directions and homogeneous dispersion
of nanosized BHOwithin GdBCO.
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Introduction
Mesoporous silica, SBA-15, is one of the best candidate for the sup-
porting material of catalytic nanoparticles because of its relative large
and controllable pore size and large speciﬁc surface area [1]. So far,
various nanoparticles, such as Au, Pt and Pd, have been introduced
into the pore for catalytic application [2]. The size of nanoparticles
supported inside SBA-15 is restricted by that of the pore, and they are
usually ranging from 2 nm and 50 nm in space.
It is necessary to anchor the nanoparticles within pores to avoid
segregation / sintering of them. However, it is difﬁcult to anchor them
within pores in the case of use of deposition-precipitation method due
to extreme low iso-electric point (IEP) of silica (∼2). Therefore, TiO2
nanocrystals (IEP 6-8) were then introduced to anchor AuNPs [3].
In this study, EFTEM tomography was applied to examine the
effectiveness of TiO2 for AuNPs.
Materials and method
Au/TiO2-SBA-15 was embedded into epoxy resin for electron micros-
copy and microtomed to about 30 nm thickness. EFTEM-tomography
was operated at 120 kV and using Ti-L ionization edge via three-
window method. Prior to EFTEM, STEM-HAADF tomography was
also carried out for visualizing AuNPs and for comparison.
Result and discussion
Figure 1 shows 3D-volume of AuNPs and TiO2 nanocrystals from
EFTEM-tomography. TiO2 nanocrystals in the porous material were
successfully visualized using EFTEM -tomography, and local relation-
ship between AuNPs and TiO2 nanocrystals were revealed. A large
number of TiO2 nanocrystals were randomly distributed in the
SBA-15. It was found that most AuNPs were directly on the exposed
TiO2 nanocrystals. It implies that TiO2 nanocrystals were exposed on
the surface of the pore and anchored AuNPs inside the pores.
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Critical current (IC) of superconductor ﬁlms under magnetic ﬁeld is
strongly inﬂuenced by dispersions and morphologies of artiﬁcial
pinning centers (APCs) in general [1]. BaHfO3 (BHO) is acknowl-
edged as the best candidates of APCs for REBCO ﬁlms, which shows
utmost thickness dependence and isotropic angular dependence of IC
values for REBCO ﬁlms [2]. Moreover, several researchers have
focused on the nanostrains caused by the lattice mismatch at the inter-
face between APCs and REBCO matrix, which are also the source for
enhanced vortex pinning of the REBCO ﬁlms [3]. In this study, we
investigated to examine the nanostrain at the interface using spherical
aberration (CS) corrected scanning transmission electron microscopy
(STEM).
Fig. 1. 3D volume of AuNPs and TiO2 nanocrystals
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